Background and Objectives: Technology can enhance the health and quality of life of diverse populations and may play an important role in reducing health disparities. Although a "digital divide" between the young and the old has been noted, it is unclear whether the use of technology for managing health differs by race/ethnicity among older adults. This study uses nationally representative data from community-dwelling older Americans to characterize racial/ethnic differences in health-related technology use. Design and Methods: Data came from 1,336 white, black, and Hispanic adults aged 54 and older who completed the 2014 technology module of the Health and Retirement Study. Racial/ethnic differences in overall health-related technology use were assessed using Poisson regression. Then, F-tests were used to assess differences in the use of phone calls, text messages, E-mails, social media, health management sites, health-related mobile applications, web searches, and brain games for health purposes. Results: Compared to whites, older blacks and Hispanics were less likely to use technology for health-related purposes after accounting for demographic characteristics, education, and health conditions. They were also less likely to make or receive phone calls, use health management sites, search the web for health information, and use brain games for their health. Discussion and Implications: Older racial and ethnic minorities are less likely than whites to use certain technologies when managing their health. These findings highlight the importance of understanding the patterns of health-related technology use across racially and ethnically diverse populations to appropriately tailor interventions aimed at improving minority health and eliminating health disparities.
ethnic differences in the use of these technologies for health, especially among older adults. This knowledge gap is problematic given recent calls for technology-based interventions to meet the needs of specific racial/ethnic groups and other historically underserved communities (Gibbons, 2011; Latulippe, Hamel, & Giroux, 2017; Montague & Perchonok, 2012; Valdez, Gibbons, Siegel, Kukafka, & Brennan, 2012) . A better understanding of how technology use differs by race/ethnicity could improve the effectiveness of these interventions. Accordingly, the objective of this study was to assess racial/ethnic differences in healthrelated technology use among a representative sample of older Americans.
Background
The digital divide between the young and old is wellestablished. Older adults are less likely to use the Internet and other online technologies compared to their younger counterparts (Smith, 2014) . Even within the older population, an age-based gradient exists where, for instance, individuals aged 65-69 are more likely to use the Internet in their everyday lives compared to individuals aged 80 and older (Anderson & Perrin, 2017) . Nonetheless, once older adults start using the Internet, they tend to use it daily (Smith, 2014) and primarily use it for E-mailing, searching the web, and looking for health information (Zickuhr, 2010) . It is unclear, however, how the use of technology for health differs across subgroups of the older population, in particular across race/ethnicity. Older racial and ethnic minorities tend to have shorter life spans and spend more years in worse health compared to their white counterparts (Cantu, Hayward, Hummer, & Chiu, 2013) . These health disparities may partly result from limited access to and use of technology for health among racial and ethnic minorities (Arcaya & Figueroa, 2017; Gibbons, 2005; Gibbons et al., 2011; Jiménez et al., 2016; Latulippe et al., 2017; López, Green, Tan-McGrory, King, & Betancourt, 2011; Weiss & Eikemo, 2017) . Therefore, understanding the nature and extent of racial/ethnic differences in health-related technology use among older adults is of critical significance.
Several studies have examined the health-related use of technology within specific racial/ethnic groups (Bender et al., 2014; Hudnut-Beumler, Po'e, & Barkin, 2016; James & Cedric Harville, 2016; Messias & Estrada, 2017; Mitchell, Godoy, Shabazz, & Horn, 2014) . However, population-based studies comparing usage rates across racial/ethnic groups are scarce and do not focus on older U.S. adults. Most studies tend to use samples from limited geographic areas (e.g., cities, states) and focused on the use of specific technologies, such as patient portals (Ancker et al., 2011; Gordon & Hornbrook, 2016; Lyles et al., 2012; Perzynski et al., 2017; Roblin, Houston, Allison, Joski, & Becker, 2009 ) and internet searches (Nguyen, Mosadeghi, & Almario, 2017) . National studies have either focused on differences in general technology use (Campos-Castillo, 2015) or assessed differences in health-related technology use within the general adult population instead of among older adults specifically (Brodie et al., 2000; Greenberg et al., 2017; Lorence, Park, & Fox, 2006; Lustria, Smith, & Hinnant, 2011) .
Only a few studies have assessed differences in the health-related use of technology across sociodemographic characteristics among older adults. Differences by gender (Kim et al., 2017) , sexual orientation (Lee, Giovenco, & Operario, 2017) , physical functioning (Gell, Rosenberg, Demiris, LaCroix, & Patel, 2015) , and health (Levine, Lipsitz, & Linder, 2017) have been documented. However, only one study, to our knowledge, has examined differences by race/ethnicity nationally (Levine, Lipsitz, & Linder, 2016) . Using Medicare data, Levine and colleagues (2016) found that older blacks and Hispanics were less likely than whites to use the Internet for at least one of four healthrelated purposes: filling prescriptions, contacting providers, addressing insurance matters, or researching health conditions. Differences for each health-related use were not assessed and older adults younger than 65 years were not included in the study. This limits our understanding of how different racial and ethnic groups use technology for health in the larger older adult population. In addition, prior research has not simultaneously examined differences in the use of multiple technologies or online platforms, or considered differences by race/ethnicity in the general tendency to use technology for health. Thus, from the extant research, it is unclear whether black, white, and Hispanic older adults have similar or different rates of health-related technology use, overall, and with regard to specific technologies.
The diffusion of innovation theory sheds some light on why racial/ethnic differences might exist in the use of technology. This theory suggests that the spread and use of technology follows a social gradient such that individuals of higher social status are early adopters of new technologies whereas individuals of lower social status adopt technology later (Wejnert, 2002) . This gradient may stem from differences in knowledge of and familiarity with new technologies, income for purchasing technology, and social networks that share information about technology (Cashen, Dykes, & Gerber, 2004; Wejnert, 2002) . Blacks and Hispanics in the United States have been socially and economically disadvantaged over time (Williams, Mohammed, Leavell, & Collins, 2010) . As a result, they may be introduced to new technologies later than whites and less likely to use them. Ethnic groups primarily comprising non-English speakers may be further disadvantaged due to language and cultural barriers that hinder communication about and literacy regarding technology (Cashen et al., 2004; Clayman, Manganello, Viswanath, Hesse, & Arora, 2010; Valdez et al., 2012) .
The diffusion of technology is also influenced by age, or cohort, as evident by the persistent divide in technology use between the young and the old (Anderson & Perrin, 2017; Smith, 2014) . Familiarity with and use of technology among older populations are likely related to the period in which the technology became available to the public. Although the creation of the Internet coincided with the advent of the computer in the 1950s, it did not become a mainstream phenomenon until the late 1980s and early 1990s (Rosenzweig, 1998) . Thus, birth cohorts that were born or came of age when the Internet was a part of mainstream culture (e.g., "Millennials" who were born between 1981 and 1997) are likely to be more familiar with online technologies compared to older birth cohorts (e.g., the "Silent" generation, born between 1928 and 1945) (Zickuhr, 2010) . In combination, racial/ethnic differences in technology use may be larger among older birth cohorts where racial and ethnic minorities had more limited exposure to technology during school or while employed. This disparity, however, would be expected to narrow in younger cohorts, given the natural spread of technology to nonusers, including racial and ethnic minorities who previously did not access these technologies.
Given this theoretical orientation and the stated gaps in the literature, the primary aim of this study was to assess differences by race/ethnicity and age in overall healthrelated technology use in a nationally representative sample of older Americans. We hypothesize that racial/ethnic minorities will have lower overall rates of health-related technology use than whites. We also hypothesize that these disparities will be larger among older birth cohorts. Although we expect smaller disparities among younger birth cohorts, we hypothesize that Hispanics will lag behind blacks in narrowing the gap because of potential language and cultural barriers that influence communication about technology. Secondarily, we aim to identify differences in the specific technologies older adults use for their health by examining the racial/ethnic patterning of each technology included in our general measure of health-related technology use. Overall, the findings from this study will improve our understanding of how technology is used for health among older blacks, whites, and Hispanics, and can inform the design of technology-based health interventions in racially and ethnically diverse older populations.
Design and Method

Data
The Health and Retirement Study (HRS) began in 1992 and is a nationally representative, biennial survey of the health and well-being of U.S. adults aged 51 and older (Sonnega et al., 2014) . In 2014, a random sample of the HRS cohort (N = 17,090) was selected to complete a supplemental module on technology use for health-related purposes. Of the 1,497 individuals selected, 1,386 (92.6%) participated and 1,376 (91.9%) had complete data on the variables included in this study. We limited our analytic sample to 1,336 (89.2%) individuals who self-identified as non-Hispanic white (white), non-Hispanic black (black), and Hispanic. Other racial/ethnic groups were excluded (n = 40) because they represented a small, heterogeneous group from which valid racial/ethnic comparisons cannot be made. There were no significant differences in demographic characteristics between the analytic sample and the larger HRS cohort. Individuals selected for the technology module who were missing data were younger and had higher rates of health-related technology use compared to the analytic sample.
Measures
All study variables were self-reported. Respondents were separately asked to indicate whether they used each of the following technologies for their health in the past month: phone calls, text messages, video chats, E-mails, social media, health management sites, health-related mobile applications, internet searches, and brain games (see Supplementary Table 1) . A count of the number of technologies used was created and represents an overall tendency to use technology for health.
Demographic characteristics included race/ethnicity, age, gender, education, and foreign-born status. Blacks and Hispanics were compared to whites. For age, descriptive analyses included a categorical age variable where individuals aged 65-74 and 75 and older were compared to individuals aged 54-64; a continuous age variable, however, was used in regression analyses testing its interaction with race/ethnicity. Men were compared to women, and respondents with a high school degree, some college, or a college degree or higher were compared to those with less than a high school education. Respondents born in the United States were compared to foreign-born respondents.
Because health-related technology use may be influenced by current health status, we also included a variable for the presence of any health condition. Respondents were asked if a physician had ever told them they had high blood pressure, diabetes, cancer, lung disease, heart disease, stroke, psychiatric problems, and arthritis. A count of the number of conditions was created and dichotomized such that respondents reporting at least one condition were compared to those reporting none.
Statistical Analyses
We used an F-test to examine racial/ethnic differences in sample characteristics and then used Poisson regression to estimate differences in overall health-related technology use. Three nested models were estimated: Model 1 controlled for age, gender, and foreign-born status, and Models 2 and 3 adjusted for education and the presence of a health condition, respectively. We also tested the interaction between race/ethnicity and age (Model 4) because the presence and/ or magnitude of racial/ethnic differences in technology use likely varies by age. After examining differences in overall health-related technology use, we assessed racial/ethnic differences in each of the different technologies using an F-test and stratifying by age. All analyses were performed using Stata 14 and used sampling weights and appropriate statistical procedures for accounting for differential nonresponse and the complex sample design of the HRS. Table 1 presents weighted characteristics of the sample and shows that the majority of respondents were white and female, and only 9% were foreign born. Approximately 1 in 4 had a college degree or higher and 85% had at least one health condition. Across age groups, the population distribution by race/ethnicity, gender, and foreign-born status did not differ significantly. However, the youngest age group was more educated than the older ones, and chronic conditions were more prevalent in the oldest age group. Figure 1 presents the weighted average level of healthrelated technology used by race/ethnicity and age. Within all age groups, whites had the highest average usage rates followed by blacks and Hispanics. Technology use tended to decrease across successively older age groups for all groups; Hispanics age 75 or older had the lowest levels of all but did not differ significantly from blacks of a similar age. Thus, there are clear differences by race/ethnicity in overall health-related technology use, with racial/ethnic minorities demonstrating lower health-related technology use compared to whites.
Results
To determine whether racial/ethnic differences in healthrelated technology use exist after accounting for potential confounders and explanatory factors, we regressed healthrelated technology use on sociodemographic characteristics and the presence of any health condition using nested models (Table 2) . After adjusting for age, gender, and foreign-born status, blacks and Hispanics had significantly lower technology use compared to whites (Model 1: blacks: b = −0.471, SE = 0.122; Hispanics: b = −0.817, SE = 0.263). The blackwhite and Hispanic-white differences in health-related technology use remained significant after adjusting for education (Model 2: blacks: b = −0.319, SE = 0.113; Hispanics: b = −0.477, SE = 0.231), but their magnitudes were reduced by 32% and 42%, respectively. Accounting for the presence of any health condition did not affect these differences (Model 3). Model 4 included the interaction between race/ ethnicity and age. The omnibus test for the two interaction terms was significant (F(2,55) = 3.98, p < .05), but only the Black × Age interaction term was significant (b = −0.030, SE = 0.011), suggesting that black-white differences in technology use vary with age.
The interaction between race/ethnicity and age is depicted in Figure 2 . At the youngest age (i.e., more recent birth cohorts), blacks and whites have similar levels of health-related technology use. Usage is lower for Hispanics but not statistically significant from the other groups. As age increases, technology use among blacks decreases more rapidly compared to use among whites and Hispanics, such that significant black-white differences in usage emerge at age 62, widen until approximately age 76, and then remain relatively stable throughout late old age. The difference between Hispanics and whites also becomes significant at age 62 but does not change appreciably in magnitude.
F-tests were used to identify racial/ethnic differences in the use of specific technologies (Table 3 ). In the total sample, significant differences exist in the use of phones to make or receive calls pertaining to one's health (p < .01), social media (p < .10), health management sites (p < .001), internet searches for health information (p < .01), and brain games (p < .01). For all of these technologies, older whites had significantly higher levels of use compared to blacks and Hispanics. Among the two youngest age groups, racial/ethnic differences were also present for the same technologies. Among individuals aged 75 and older, there were several technologies that were not used by blacks and Hispanics (i.e., zero values for E-mail, social media, health management sites, and mobile applications), and the only Note: HS = high school.
significant difference was in using a phone for health purposes (p < .01).
Discussion and Implications
This is one of the first studies to use a nationally representative sample of older adults to document that blacks and Hispanics are less likely to use technology for their health compared to whites. Although the health-related use of technology was higher among younger birth cohorts in all three groups, racial and ethnic disparities in use depended on age or when individuals were born. Most notably, in fully adjusted models black-white differences in technology use were smaller and statistically are not significant among younger cohorts, but grew in magnitude with age and became significant. In contrast, Hispanic-white differences remained relatively unchanged in magnitude across all cohorts. In addition, older blacks and Hispanics were less likely to make or receive phone calls about their health, use health management sites, use social media, search online for health information, and play brain games compared to whites. Differences were not apparent for the use of text messaging, E-mail, or health-related mobile applications. Our findings support our hypotheses that racial and ethnic minorities have lower health-related technology use compared to whites and that this disparity is larger among older cohorts. These findings are consistent with other national studies documenting lower rates of health-related technology use among racial/ethnic minorities in the older and general adult population, nationally (Brodie et al., 2000; Levine et al., 2016; Lorence et al., 2006; Lustria et al., 2011) and locally (Ancker et al., 2011; Gordon & Hornbrook, 2016; Lyles et al., 2012; Nguyen et al., 2017; Perzynski et al., 2017; Roblin et al., 2009) . We address the limitations of previous research by extending the age range of the older adult population to include individuals in their 50s, by examining how racial/ethnic differences in technology use vary with age in this population, and by simultaneously assessing differences in the overall tendency of older adults to use technology for their health and in specific health-related uses of technology (e.g., using E-mail to contact providers). As a result, our study provides novel findings and an improved understanding of the nature and extent of racial/ethnic disparities in health-related technology use among older Americans.
First, by extending the age range of older adults to include individuals in their 50s and examining age variations in racial/ethnic differences in health-related technology use, we were able to identify the ages at which these disparities emerge and were at their greatest. Racial/ethnic differences in overall health-related technology use became evident around age 62, which corresponds with people born prior to 1952. Although the disparity widened with age for blacks, it remained relatively similar at all ages for Hispanics. This represents a lag in health-related technology use, such that current rates of technology use among older blacks aged 62 years (i.e., born in 1952) were similar to the rates of whites nearly 12 years older (i.e., born in 1940); the lag is even greater for Hispanics who at age 62 have levels of technology use similar to whites 20 years older (i.e., born in 1932; see Figure 2 ). These findings also show that the social patterning of the diffusion of technology (Wejnert, 2002) applies to race/ethnicity. Specifically, the generally lower socioeconomic status of older racial and ethnic minorities compared to whites ultimately positions them to access and use new technologies later than whites (DiMaggio, Hargittai, Celeste, & Shafer, 2004) . Low English proficiency among older Hispanics may further hinder their usage rates, resulting in an even greater lag in technology use among Hispanics. Our study and prior research on the adoption of medical innovations provide some evidence for racial/ethnic disparities in the diffusion of technology (Ferris, Kuhlthau, Ausiello, Perrin, & Kahn, 2006; Korda, Clements, & Dixon, 2011; Stanley, DeLia, & Cantor, 2007) . Thus, more deliberate and focused efforts should be taken to reach older racial and ethnic minorities, especially before they reach their 60s, introduce them to new technologies, and facilitate their health-related use of these technologies. Second, our findings highlight an age range (i.e., age 62 and older) in which blacks and Hispanics may be experiencing significant barriers to accessing or engaging with technologies for health purposes. Although the current analysis does not identify barriers to health-related technology use or reveal why racial/ethnic differences in use exist, we show that differences in education and current health status do not fully account for racial/ethnic disparities in technology use. Lower rates of acceptance and use of health information technology among older adults may be due to individual-level factors, such as a lack of familiarity with the technology, privacy concerns, mistrust of technology, and reluctance for asking for help (Fischer, David, Crotty, Dierks, & Safran, 2014) . Age differences in computer anxiety and computer self-efficacy have also been documented (Czaja et al., 2006) and may contribute to differences in technology use among older adults. These factors, however, have not been shown to explain racial/ethnic differences in technology use. A "digital readiness gap" exists such that racial/ethnic minorities have lower levels of confidence in their computer skills and are more likely to be considered "unprepared" for the use of digital technology (Horrigan, 2016) . This lack of readiness may affect their adoption of new technologies.
Cultural and language differences may also limit technology use, particularly among Hispanics and other racial/ ethnic groups with a large proportion of immigrants that are not English speakers (Cashen et al., 2004; Clayman et al., 2010; Valdez et al., 2012) . For example, the health of older Hispanics with limited English proficiency may be managed by their younger relatives, who are more likely to be technologically-skilled and English-speaking. As a result, older Hispanics may report not using technology to manage their health when, in fact, their health is indirectly being managed using technology with the help of younger relatives. Although individual-level and cultural factors are important determinants of technology use, their ability to fully explain systematic, population-level differences in use is debatable. Structural factors, such as where one lives and poverty, can potentially restrict access to and use of technologies above and beyond individual-level characteristics (Mossberger, Tolbert, & Gilbert, 2006) . Future research among older adults should identify the social conditions and structural factors that differentially affect the use of technology among older racial and ethnic minorities.
Lastly, by assessing differences in the health-related use of specific technologies, we were able to identify which technologies are predominantly used by different racial/ ethnic groups. This information has important implications for the design of technology-based interventions. The use of E-mails, text messaging, and mobile applications for health was similar across racial/ethnic groups and, therefore, would be advisable for health interventions focused on a racially and ethnically diverse older population. On the other hand, health interventions that incorporate technologies that are not used at comparable rates across racial/ethnic groups may have a limited reach and thereby contribute to health disparities (Arcaya & Figueroa, 2017; Gilmour, 2007; Weiss & Eikemo, 2017) . For instance, because blacks and Hispanics were less likely than whites to use health management sites and similar technologies (e.g., patient portals), they would be less likely to benefit from health interventions that use this technology. Consequently, interventions based on the use of health management sites may inadvertantly contribute to racial/ethnic disparities in health. For this reason, considering racial/ethnic differences in specific healthrelated uses of technology is imperative for the effective design of technology-based health interventions.
Limitations to this study exist and should be addressed in future studies. First, this study was not able to disentangle technology access from use because the technology module of the HRS does not separately ask about technology access and technology use. Individuals who do not have access to a particular technology, and as a result do not use it, may be different from individuals who have access to that technology but choose not to use it. Future iterations of this module and future studies of technology use should separately ask about access to and use of technology to account for differences between these two groups. Second, these data are self-reported and are vulnerable to various forms of response bias, including socially desirable responding during the face-to-face interview (Holbrook, Green, & Krosnick, 2003) . In addition, our study did not incorporate other dimensions of technology use, such as the frequency of use and proficiency with the technology. Identifying the technologies older adults use most frequently for managing their health and their levels of proficiency with these technologies will help practitioners design and tailor technology-based interventions to the strengths and technological abilities of the population of interest. Lastly, this study used cross-sectional data, which hinders claims of causality (Rothman, Greenland, & Lash, 2008) . Longitudinal data would be useful for separating the effects of aging and cohort on health-related technology use and for examining how health-related technology use changes over time (Yang & Land, 2016) .
Nonetheless, the strengths and contributions of this study are many. This research builds upon prior research by using a large, nationally representative sample of older adults to assess differences by race/ethnicity and age in health-related technology use, and by examining differences in both the general use of technology for health and specific uses. Our study provides timely implications for aging research and practice that not only advance our understanding of technology utilization among older adults but also inform more effective programs and interventions to improve the health of older racial and ethnic minorities and minimize health disparities. Our findings highlight the need for additional research delineating trends in health-related technology use, while also highlighting facilitators and barriers to the use of various technologies across racial and ethnic groups among older adults. Such research could help design more culturally appropriate and tailored intervention efforts that employ technologies older racial and ethnic minorities are more likely to use and potentially benefit from. This is one strategy among others for using technology to address racial and ethnic health disparities in our aging population.
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